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SLCOD COICIUIRATICLS DUALG ENZulCrzA

Trutselies Arelliy Do Dr. 5. Sandeclovslky,
inlooae dealuin (Gore SLssictant at the ledical
ran Arcalves Jor Clinlecul Ciinic of the State Hos-
Fedicine), VYol. 90, .,0), sital we Deankfur:d oa Maine

rages Lis-=L53

Zver since tue investiaviors of Lcy“an*, it hos gererally been assumed
that water reicnuicn oceurs durlas Jever. Tuals assunotion has never been
exactly nrovaon. nge receently, iU hus been direevly disputed by Schwenken-
becher and Iaazaki®s. These wuhons Luve examined muscle and liver portions
of their water content Trom ilndividuals wno had died rom feverish affections.
Tacy found that 1t wuas indeed elevated, but not as a result of an absolute
increase ol water but as a result of an avsolute decrease of solid sub-
stonces. Taey conecluded {rom this that the cause was not water retention
but loss of solids (consumpiion). It is questionable whether this conclu-
sion perrits o generalization. TFor it cen ro doubt be assumed that an espec-
1.1ly severe consumption was exhivited in the cases investipgated which were
all fatal. It is possible that o »nrovable absolute iucrease of the water
content was thereby wasked. llovever, tie conclusion that the consumption is
the cause ol tie dilution 1n all cases of ialectlous discace, especially in
those wvhich recover 1s not directly Justified. The aw:icrous cbservations
rade thct tae Lody weigat olien inereases during fever and arain decreases
after the abaterent ol tie Jever espeeinlly argues against whis assumption.
The opposite conditions would be e:peet~* Juring simple consurption.

On ticse grounds, invesuligatlions on the water content in the living
duriag Jeveurish diseases,would oe desiravle. Simultanecously, continuous body
weipat neasurexents st be’ of specilal interest. The investigations of the
vater eoatent of living peonle is¥ naturally be limited to blood investipga-
tions.,” Sven 17 the exchenge of flualds iaside the body does not always proe-
cced s0 quicldy and so corpletely taroughout that a homogeneous distribution
ol the wvater in the varlous tissues can be assured;--there 1s s¥id: doubtless
o relatica existing between the walter conteat @f the blood and the tissues .
whicn more or less occasions a strong parallel”. Therefore, gertain infe:-
eaces can ve drawn on tne waicr coanternt of ti.e entlre orzaniasn from the wator
coateat ol wie blood. Coatiauwous lavestigotions ol blood concentraticn and
body wei At have been riade in tais clinic during various infectious disc;scs,
In particular,’f nave -investigated o nwer ol cases of croupous prewsici. .
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covery (see curve 1).




Curve 1. Marz, Anna, Pneumonia
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Key: 1. Blood albumen; 2. Temperature; 3. Salt balance; L. Body weight
L

It is evident from the curve that in the first days of hospitaliza-
tion, as a high tever was still prescnt at the time, an increase of the
body weight and a further decrease of the blood concentration, already pre-
viously under the norm, occurred. Simultaneously, & significant salt re-
tention was present., With a critical temperature fall, a prompt rise of
the blood concentration to normal values occurred--the difference amounted
to over 1.5% albwmen in five days-- and a weight loss of 4.6 kg in four days
resulted. Sirmltaneously, the positive salt balance changed into a nega-
tive ona2. This curve is absolutely clear. Salt was retained during a fever-
ish period. It follows from the body weight increase thai water was retained
at the same time -- whether primarily or secondarily should not be debated
here. It should be noted here that we did not kmow the body weight of the
patient before the illness. In any case, after the course of the illness,
during the convalescence period (19-25 Ausust), it moved constantly to a
much lover level, It follows from the converse behavior of the body weight
and the blood concentration that the blood dilution essentially depended on
water retention. If coosumpthon haq been the cause, it would have to be
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assurmed that the body weight would also rise along with further increase in
blood concentration.

Cage 2.

Heinrich Sch., 53 years. Admitted on 9 October 1908. Three days be-
fore suddenly taken sick with chills, stinging in the left side, coughing
and neadaches. Status: Strong man. Temperature 389, 4ild dyspnoea. Tignht
congestion over the lower left lobe with bronchial respiration. Urine:
Albumen+ Diazo-R.-. Diagnosis: Croupous pneumonia of the lower left lobe.
Progress: After three days of hospitalization, lytic temperature fall.
Progressive improvement, recovery.

Curve 2. Scawab, Heinrich, Pneumonia
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Key: 1. Blood albumen; 2. Temperature; 3. Salt balance; L. Body weight

It can be discerned from the curve of the patient that his weight re-
rained constant during the period of fever. A decrease in weight took place
witih the fall of termperature -~ around 1.0 kg in two days -- and sirultan-
eously, the positive salt balance changed into a negative one. Parallel
w0 the salt secretion setting in at this time was the reduction of aqueous
constituents in the blood. The blogd assumed a normal concentration during
furtaer lever-free progress. Towards the end of the hospitalization, the
weignt ol the patient increased which was attributable to increased food
intake end substantial anabolism insethe conv~iescence period.
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Case 3.

iarl B., 27 years. Admitted 2 Noverber 1903. Three days before taken
i1l wivh chills, stinging in the right side, coughing and brownish sputum.
tatus: Jcarcely redium-sized man in moderately nourished condition. High
Tever. Coglestion at the lower rignt back. Bronchial respiration. Urirce:
Albumen+ Diazo-R.-. Diagnosis: Croupous pneumonia of the lower left lobe.
Progress: Critical fall of temperature.on the third day of hospitalization.
Progressive irprcvement, recovery (see curve 3).

Curve 3. Busch, Karl, Pneumonia '
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Key: 1. Blood albumen; 2. Temperature; 3. Salt balance; 4. Body welight

His curve shows: significant weight decrease with the critical tenper-
ature fall -- two kg in two days -- and change of the positive salt balance
into a nezative one. With increased salt elimination, gradual rise of the
blood concentration which of course did not entirely reach normal levels
during the period of observation. The critical perspiration is considered
as an external sign of the incipient concentration of the blood. When the
patient was in the reverse salt equilibrium the weight curve further in-
creased with increasing appetite.




Case k.
Xarl R., 15 years. Admitted 31 October 1903. Six days before, sud-

den chills, headache. He still worked on the following day. The stinging
in the rigat side of the breast increased. Coughing, reddish sputum, short-
ness of breath, exhaustion. On the sixth day of illness, entry into the
hospital. tatus: 15 year old youth. Strongly built, ordinary condition
of nourisinment. High fever. Congestion at the lower right back. Bron-
chial respiration. Urine: Albuient+ Diazo-R.+. Pocumocei+ in the sputwn.
Diagnosis: Croupous pneumonia o the lower right lobe. Progress: Critical
fever decrease on first to second day of nhospitalization. Recovery.

Key:

Curve L. Rumbler, Kerl, Pneumonia
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1. Blood albumen; 2. Temperature; 3. Solt balance; L, Body weight

His curve further shows the same result: weight loss accompanying the

fever decrease (see curve U).

The actual period of fever took place before entrance inio the hospital.

Caange of thc positive salt balance into a negative one and wccrease of
wate> in the blood occurred. N.rmal blood concentrations occurred towards

tae end, with fever-free progress, and increase of weignt with neightened
appetite with vwell-being.
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Case 5.

Carl R., 31 years old. Suddenly taken ill four days before with
chills, coighing, sputum which appeared reddish, and stinging in the right
side of the breast. Status: Medium-sized man in a well nourished condi-
tion. Pulse without result. Congestion over the right lung at the lower
back with bronchial respiration and resounding rattling. Urine: Albumen+
Diazo-R.-. Diagnosis: Croupous pneumonia of the lower right lobe. Prog-
ress: Critical temperature decrease on the third day of hospitalization.
Progressive improvement. Recovery. (See curve 5.)

Curve 5. Raible, Pneumonia
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Key: 1. Blood albumen; 2. Temperature; 3. Salt balance; 4. Body weight

Yie sece from his curve that the salt retention as well as the hydremia
outlasted the fever period by about three days. Concentration of the blood
and a weight loss of 1.5 kg took place with the onset of salt secretion.
Furthermore, the salt balance was influenced by salt additions which were
given twice for three days. I will return to this below. Towards the end
of the hospitalization, there was increase of body weight and concentration
of the blood to normal levels with increasing improvement and food intake.

Case 6.
rarie St., 2 years. Admitted 20 May 1908. Three to four days be-

fore, pains in the left side while breathing. No chills. Sensation of
heat. Ilo sputum. Status: Medium-sized patient in sufficiently nourished
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condition. I}ild cyanosis. No dyspnoea. Temperature 37.9°. Congestion un=-
der the lelt lower lobe with scvere bronchial respiration. Iio sputum.
Urine: Albumen-, Diazo-R.-. Progress: Fever reduction on the second day
of hospitalization. Growing improvement. Recovery. The patient entered
the hospital only towards the end of the feverish period of her illness
(see curve 6).

Curve 6. Stahl, Pneumonia
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The urine was regularly {ree of albumen.

Key: 1. Blood albumen; 2. Temperature; 3. Salt balance; L. Body weight

In gpite of the positive salt balance during the feverisih period and
in spite of a reduction of the blood concentration, the body weight showed
a slignt tendency to fall during tiae feverish period. Ilevertheless, the
weight loss became more severe at tiac tire of the negative salt balance and
tiood concentration.

Elise X., U1 years. Admitted 10 June 1908. Tour days belore, sudden
cnills, stinging in the left side. On the day afterward, cougining and
orown spitwi, high fever. Status: Strongly built, well-nourished patient.
ild cyanosis. Temperature 39.5°. Conzestion above the lower left love
with bronciial respiration and resounding rattling. Urine: Albumen+,
Diazo-R.-. Progress: On the sixth day after hospitalization, temperature
decline. Progressive improvement. Recovery. (See curve T.)
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Curve 7. Konig, Elise, Pneumonia
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Key: 1. Blood albumen; 2. Temperature; 3. Salt balance; U. Body weight

Curve: the temperature shows strong remission. The body weight fell
only? slightly -- several hundred grams -- during fever remission. However,
with complete fever remission, there was a considerable weight loss -- 2.2°
kg in three days. The hitherto positive salt balance changed into a nega-
tive one and the blood water decreased.

Case 3.

larl B., 7 years. Admitted on 13 lMay 1908. Anemic. The only thing
that could be learned from the small patient was that ne had had abdominal
pains for taree days. Status: Insulficiently nourished youtih. Tempera-
ture 39°. Mild cyanosis. Shallow accelerated breathing. Upper right
half of the thorax lagged during respiration. Congestion at the upper
right back. Bronchial respiration, resounding rattling. Urine: Albumen-,
Diazo-R.-. Progress: Critical terperature decline afier two days of hos-
pitalization, increasing improverent. Recovery.

This patient also came to the hospital only shortly before the decline
of the fever, so that we were not informed about his previous body weight.
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From the curve, we see a slight increase of body weight during the fever
wiaich outlasted the critical termperature decline by a dzy and then remained
almost constanmt duringz the fever-free period. Instead of salt retentionm,
slight salt secretion occurred which, however, extended over a long period.
The blood concentration only assumed higher values slowly.

Curve 8. Enemann, Karl, Pneumonia
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Key: 1. Biood albumen; 2. Terperature; 3. Salt balance; L. Body weight
Casc 9.

Jakob ., 23 years. Admiticd H loverer 1903. Oac day before admis-
sion sudden chills, stinging in the left side of the brousi, shortness of
Lrooth. o cough. No sputum. Stauus: lediwm-sized civon; non in well-
nourished condition. Tight conzestiion at the lower lelu bacik. Bronchial
respiration. Tenperature 390. 10 sputwn. Urioe: Albwicn-, Diazo-R.-.
Dia;snosis: Croupous pneumonia. Progress: Delayed discharfe, lengthy
~radually dininishing fever. Congestion still preseat. Dlatient is still
in treat.ent at this time. The investigations were interruptec by the on-
set of sali cquilibrium.

Du:ins the slowly declining Tever, there was a constant weignt loss
waich, however, became rapid at tne time the positive sali baluuce changed
to a ncrative one. Towards the end, the coincidence with slicht termpera-
ture rises, ihere was an increase of weight. During the salt sccretion
period, tnerc was & slowly increasing concentration of the blood.
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Curve 9. Keller, Jakob, Pneumonia
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Key: 1. Blood albumen; 2. Temperature; 3. Salt balance; 4. Body weight

Case 10.

Katherine E., 55 years. .dmitted 2L lay 1908. Two days before being
directed into the hospital, chills, stinging in the rigat side, difficulty
ir breatihiinr. o spubtum. Status: NMedium-sized strongly built woman in
well-nourisied condition. Moderate adiposity. »Mild cyanosis. XNo herpes.
Congestion atv tie lower right back, bronchial respiravion, resounding rattling.
Urine: Alvumen+, Diazo-. Diagnosis: Croupous pnewronia ol the lower right
_ove. Progress: Thne pneumcnic infiliration spread gradually, accompanied
by increasing dysprnoea and cyanosis ov-r the entire lung. It caused heart
weaxness and proved fatal on the seventa day of hospitalization.

Beca:sc of the miserable condition of this patient, neither daily
weight measurements nor a salt exchange could be undertaken. However, the
curve does ;0 so far as to indicate that the blood became richer in water
with the rise in temperature, and became deficient in water with the decline
in temperature.
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Curve 10. Eberts, Pneumonia
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The urine constantly contained traces of albumen.
Key: 1. Blood albumen; 2. Terperature

Case 11

Joncnn E., 25 years. Admitted 11 lay 1903. One day before admittance
to the nospital, sudden cnills, stinging in the left side of the breast,
couzning, yellowisn sputume. tatas:  Strongly built man, ordinary condition
of nourishrment. Temperature 30.3°%, nild cyanosis. Shallovw breathing. Con-
gestion at the lower left back with bronchial respiration and resounding
rattlinge Urine: Albumen+t, Diazo-R.-. Diagnosis: Croupous pneumonia of
the left lobe. Progress: Critical decrease of temperature on the fifth
day of hospitalization. Progressive improvement. Recovery (see curve 11).

Curve 1l. Enslert, Jonann, Pneumonia
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Xey: 1. Blood albumen; 2. Temperature; 3. Salt balance; 4. Body weight
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The veight remained nearly constant during the feverish period. The
weipht did not decrease with the critical temperature decline, but remained
at the same level for about three days. Thereafier, the weipght increased
about 0.5 kg. It should be noted that this patient had an extraordinarily
stroaz appetite taroughout the entire duration of this illness. It is there=-
fore likely that the absence of a weight decrease in spite of the great wa-
ter deficiency in his blood occurring with the decline of temperature is
connected with the assimilation of large quantities of nourishment. The
negative salt balance occurring after the fever reduction coincided with
increasing blood concentiration.

IT we survey all our curve material, we can distinguish between two
large groups, curves 1-7 comprising Group 1, curves 8-11 Group 2. Group 1
is characterized by increasing or at least constant body weight during the
fever, more or less rapidly decreasing weignht witn the decline of fever,
welght increasing again during subsequent convalescence. Ve must assume,
from all that is known about this, that the breakdown of solids exhibits
its greatest intensity during the period of high fever. I the breakdown
of solids is the cause of dilution of the body liquids, tiis rust lead to
a decrease of body weight. But in the seven cases mentiored, the opposite
was oobserved. The body weight increased or remained consilont with the
decrease Of blood concentration in the period of fever. Conversely we nust
assume that an increase of blood concentration, when it depends on the re-
placerment of lost albumen ty an external supply, is accorpanied by a weight
increase. We see the opposite of this also in our curves. The blood be-
comes more concentrated with a decline of fever, but the body weight falls.
The further concentration Incrsase of the blood serum accompanied by a
weight increase can only be replacement of lost albumen during the subse-
quent reconvalescence period. In these first seven cases, therefore, con-
swiption cannot be the only cause of the blood dilution. Rather, consump-
tion plays only a subordinatve role here. The chief cause of the blood
dilution can be none other than an actual water (or salt solution) reten-
tion, an incrcase of the absolute water content of the organism. This
explanation is supported by the rate of NaCl secretion. We consistently
ovserved a retention of NaCl during the periods in which we have supposed
a retention of water. Therefore, laCl 2nd water are retained simultaneously,
corresponding to the ideas on the tendency of the organism to preserve its
osmotic pressure. Ve know that the osmotic pressure of the blood supports
only relatively slight fluctuations. We rust therefore conclude that the
severe dilutions of albumen concentrations waich we have found in pneumonia
do not also signify dilutions of its salt concentration. Therefore, more
absolute ilaCl must be contained in the increased absolute liquid quantity
of the total body. Herein lies the simple answer to the question of where
tne salt retained in pneumonia comes from. In our opinion, the hypothesis
tnat tane laCl retention in pneumonia is centered in the lung exudate, fails.
Rather, in our opinion, the NaCl daring pneumonia (end other illnesses)
is secreted in small concentrations because it is necessary for the main-
tenance of the isotonicity of the increased amount of body liquids. The
relations in Group 2 (cases 8 - 11) are less simple. Here we see a
decrease of the body weight during the fever and an increase after the
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cecline of the Tever. Thae blood is also diluted during the fever in these
cases and ils concentration riscs alter the fever reduciion. Ve neced to
realize thioi this is the relation iT we assume consumption as the cause
oI the body fluld dilution.

Zowever, fronm the continually positive salt balance duwring the fever
s well a5 iis cnange into a negative balance after fever reduction, it
procecds taat consurption is not Yhe only cause.

Taerelore, in our second sroup ol cases, tae brealkdown of body mater-
ials has an essential role in the Tiuid dilution without entirely suppress-
ir; he water retention. Therelfore, it is only partly a ratter of differ-
env qualitavive behavior, but rather, essentizlly a mztier of a quantitative
Tlucviction. Water retention anpears to be present aliost continually dur-
ing Tever, buv its action on the body weight is olften co.mensated or overs
corpencuiel Jor by the sirmalioineous 1oss of other tiss:ie naterials. The
quantitative changes in the co.position of the tissue dirins Jcver are
therelore nostly limited by boih cuuises. Tirst one predoninctes, then the
other. I waler retention is tlie maln cause for the syrptoms deseribed in
mild ling alflliciions which attuek strong individuals, it is easily under-
standable that consurption apnecrs forenost in cases of weaX individuals :
in severe and esupecially in fatal cases (as those investigaied by Schwen- . I
kenbecaer ané Inc; aki)e.

Tne cuestlon is novw raised: way is the water retaiied during fever?
Iz close connectuion to this, the question to be discussed is: wiy is the
salt retained? To take the latter first, the view thait ihe sali is bound
to a certain extent by the pnewionic exudate is not tenable zccording to
the statcerent made above. It is certain that by and large sali and water
are revained shimiltaneously. Both are cssentially secreted through tae i
XKidneys, vae salt nore exclusively thon the water. The skin, lungs and in- |
testine play a greater role in e secrevion of wailer than ol salt. Consc-
caently, 1t is likely that the salt seceretion is more severely disturbed by
a kidnecy injury than water cliranation. DBoth are additionally dependent on
the neart activity. any reasons sunnort this in the sense that the heart
acts as a pwrp mechaanisn morce Jor waier elimination tihan for salt seceretion.
Ve will <then expect durip; & disvirbance of the heart activity, taat foree-
most will be the primary hindrance of wolter elimination wnile we consider
the prirary saly retention as more essential in kidney injury. The symplon
of disturoed hcart and kidney aciivity cre almost alwvRys present during the
Tever o pneuronia victims. The ancver to the guestion is therefore espec-
ially dilficult.

In orcer to come at least soncwnat nearer to tihe canse, I have investi-
cated in several cases how the paciconic victim in the convalescence stare :
reacts vo larre salt doses. In cuaves 2,3,« and 5 the salt additions are
irdicated. In curve 2, there res:lted a positive chloride balance from a
single additlon of 3 g sodiunm caloride. A broad conclusion can still not
e drawn Tron this because nornally salt introduced in larze quantities is
only secireteG on the next day. Tiais indicated a control cxperiment whica
I have carried out on myself. In this cxperiment, over a turce day period,
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a total of 33 7 liaCl were taken and 32 ¢ NaCl eliminated (the retention of

1 5 lies inside the limits of error). The largest salt assimilation took
place on the sccond day of tiue experiment. On this day, the previously some-
waat reduccd ioCl elimination also increased, however, without entirely at-
taining the amount of supply. The heaviest elimination, which restored the

balance, took place on the third cxperimental day.

In case 3, the salt administered three days in succession was promptly
elirinated.

In case L, a single addition of L z salt was given on the fifth day
after the crisis -- the salt balance was already negative at this time. It
was porily revained and eliminated only on the next day. Thereupon about
L # of salt were adninistered on the eighth, ninth and tenth days after the
erisis, a totel of 12 5. These 12 ; were cormpletely retained for three days
and were parvly eliminated only oa the two following days. This case seenms
10 me to s wport the contention that a mild hindrance of salt seccretion was
presenv. Tor, during tnis time, the water elimination by the kidneys was
not hindered, but the salt concentration of the urine was severely lowered --
from 0.205 Lo 0.50%. Therefore, it can probably be assumed that salt reten-
tion was primary here (not limited by water retention). Since additional
disturbances ol the heart activity were not observed during this time, the
cause ol the rctention should be sought in the kidneys. TFor this reason,
tais cace was interpreted as a disturbance of the salt-eliminating function
of the kidneys. If such a disturbance was still evident 3-10 days after
the crisis, it can be presumed that it was still more severe during the
fever period. Albumen in the urine was also evident at this time.

In case 5, since the patient was already in the salt elimination per-
iod, 2.0 g of added salt were administered on the fifth, sixth and seventh
day after fever decline, a total ol 13 g MaCl. It was partly retained,
partly eliminated, in the two days following, while on the third day, NaCl
retention occurred again. The same salt additions were adninistered again
oa the eleventn, twelfth and tairteenth days with the same result except
taat tnis tine, salt equiliprium occurred on the third day alter the addi- :
tions.

T.is case also supports the hindrance of salt retention by the kidneys
ané males sall revention as the privary probable. For water elimination
taroush tie lllineys was not affected, but the salt concentration was
stron;ly .cduced each time -- the first time from 1.30% to 0.35%, the second
tirze frow 1) to 0.67%. In tais case, waiere albumen in the urine was no
longer cvideny, the salt-elimdnating function of the kidneys was still dis-
turved Tor a time.

The Jact that this functional disturbance was not found in all cases
is not cownterevidence. Tor we could investigate for a time the possible
ways in waich the kidney lupeiruent nad passed. However, if there is still
a ITuncvional disturbance of the liidneys present at all after the lapse of
Tever, tiis signilies that this disturvance is not limited as such by the
temperi.are rise, and therefore is not in the strictest sense "febrile".
Tae assupeion that an impairment ol the secreting elements of the kidneys
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is cased by the toxins circulating and passing throush the body and partly
tarough the uidneys for elimination scens much more clear and very obvious
to us.

It can casily e demonstrated that salt retention arising in the

wiole orzanis: results in water retention and that the Llood dilution and
the body weignt increase are due to tuis.
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